Design evolution is sequential and progressively associated with industrial and technological developments as well as human lifestyle needs. In response to current design trends toward smart products, this study presents a new perspective on product-service design to facilitate the design of innovative products. The proposed approach focuses on applying TRIZ to developing a physical product associated with its possible service supports to fulfill customers' demands. It is based on the construct that every aspect of product and service quality should be taken into account as a whole in the early design stage. A case study of intravenous infusion(smart drip) design was conducted to demonstrate the applicability of the proposed approach.
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via the processes of division of labor in an assembly line. With the incredibly fastpaced advances being made in computer and information technologies, automation and digitization had emerged into the mainstream of the third Industrial Revolution.
There had been significant progress in industrial design and various design theories and approaches had been proposed in response to the wide application of such new technologies in products and production processes. In addition to computer-aided tools and techniques (e.g., CAD/CAM/CAE, concurrent and collaborative engineering, etc.), human considerations had been involved in various aspects of product or system design. A large number of sophisticated human-focused theories and methodologies had been developed and employed, such as human factors and ergonomics (HF&E) [1] , human-computer interaction (HCI) [2] , usability engineering (UE) [3] , Kansei engineering (KE) [4] , user-centered design (UCD) [5] , interaction design (IxD) [6] , universal design (UD) [7] , and user experience (UX) design [8] .
Design evolution is sequential and progressive associated with industrial and technological developments as well as human lifestyle needs. From the beginning of the 21st century onward, the world has changed radically in a few major steps.
New industrial technologies and business models are emerging increasingly and rapidly. Robotics and artificial intelligence (AI), 3D printing, virtual/augmented/mixed reality (VR/AR/MR), social media, mobile networks, cloud platforms, and electronic commerce are changing our lifestyles and affecting the social, economic, and environmental aspects as well. The concept of Industry 4.0 is expected to radically transform industrial production and product value chains as well as business models, which implies that there tends to be a much closer relationship between manufacturing and service industries. Product design and manufacturing can no longer be the only source of competitive advantage and differentiation, whereas service growth in product firms has become one of the most active domains [9, 10] . This domain is concerned with product firms shifting from designing, developing, and manufacturing products to innovating, selling, and delivering services [11] [12] [13] .
The term product-service systems (PSS), also known as a function-oriented business model [14] , functional sales [15] , or functional products [16] , is a new concept for businesses to improve their sustainability performance. The key idea behind PSS is that customers do not have specific demand for a product per se, but rather are seeking the utility of the provided product and service. As such, PSS can be defined as the result of an innovation strategy, shifting the business focus from designing and selling physical products only, to selling a system of products and services which are jointly capable of fulfilling the same customers' demands with less environmental impact [17] . Various DOI 10.18502/kss.v3i10.3496
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PSS models have been elaborated in which a frequently used categorization of PSS types includes product-orientated, use-orientated, and result-orientated PSS [18.19] .
Otherwise, Mont [20] classified PSS into five types: support, sale, use-based, maintenance, and end-of-life (EoL) services. A refined typology of PSS based on functional hierarchy modeling was also proposed by Van Ostaeyen et al. [21] , who categorized PSS models according to two distinguishing features: the performance orientation of the dominant revenue mechanism and the degree of integration between product and service elements. Qu et al. [22] conducted a systematic literature review to analyze the state-of-the-art in the field of PSS design, evaluation, and operation methodologies.
They concluded that design methodologies in PSS fell into six perspectives, namely:
customer perspective, modeling techniques, visualization methods, modularity, TRIZ, and system dynamics, in which the first two were the most commonly-used ones.
Annarelli et al. [23] also conducted a comprehensive literature review on PSS to understand the origins, the current state-of-the-art, and the possible future research directions. They found that PSS design is one of the most attractive areas but there has been relatively little research on the exclusive design of PSS in literature. The design process of PSS involves not only the design of a service or a product, but also a whole system including a network of actors and support infrastructure [20] . manufacturing environment as well as the digitization of the value chain [24] .The concepts of CPS and IoT pave the way for design trends toward cyber-physical products (CPP), also referred to as smart products [25, 26] or intelligent products [27, 28] .
Although product-service systems (PSS) are regarded as a market proposition that extends the traditional functionality of a product by incorporating additional services [29] , most existing PSS design methods support the conceptual design phase at the higher levels of abstraction and the technical design phase strongly lacks for methodical support. This can be explained by the existing challenge of coupling products and services in design processes since these two perspectives focus on different aspects and use specific models which appear as difficult to integrate [30] .
In this context, this study proposes a new perspective on product-service design, the purpose of which is to develop a practical approach to facilitate the design and development of innovative products. This approach can be used to assist designers in developing smart products, taking into consideration of the product's functionality and serviceability as a whole.
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Methods
Various methodologies for supporting PSS design processes have been proposed in the literature [31, 32] . However, most existing methodologies focus on a product's service system design rather than a methodical support for implementing entire product design and development. Responding to the necessity of coupling products and services in design processes, the implementation steps of the proposed approach are elaborated as follows:
Step 1.
Identification of needs
The product-service design involves both the tangible product and intangible service designs in the entire lifecycle. The needs for the product's functionality and serviceability must be identified in order to search for a series of problems that should be resolved to fulfill customers' demands. The functionality aspect mainly focuses on the generation and improvement of the product utility including desired functions and physical appearance, while the serviceability aspect is centered on the maintenance, extension, and enhancement of the product functionality provided through cyber networks.
Step 2. Problem definition
Product and service design is a goal-directed problem-solving activity aimed at providing practical solutions to satisfy customers' needs. Contradiction problems often occur in a product design process. Song and Sakao [33] also indicated that improvement or enhancement of one service attribute may cause the deterioration of another in the design process of product-service offerings. TRIZ has been recognized as a powerful method for dealing with contradiction problems with application of innovative solutions. The fundamental principle behind the TRIZ method is to find contradictions in a system and then eliminate them by using TRIZ tools. TRIZ has been widely used in the engineering and technical field for R&D and in the designing for tangible products [34] .
The scope of TRIZ has also been extended to non-technical areas, such as marketing, sales, and advertising [35] , service design [36] [37] [38] , and maintenance support [39] . As TRIZ is capable of providing methodical design supports for the performance of functionality and serviceability, it is used as a tool for the proposed approach to define both the functionality-and serviceability-related problems as well as the interdisciplinary problems between the product and service design tasks. ICOI-2018 Step 3.
Concept generation
The aim of TRIZ is to provide designers with a strategic and predictable problem- and Rahman's interpretation of the 40 inventive principles for performing services [37] . By using the corresponding TRIZ tools, many possible solutions can be generated and then preliminarily evaluated to determine the best solutions to the problems of product, service, and both.
Step 4. Embodiment design
A product has a physical structure which is assembled from components, subassemblies, and parts into a workable whole. The embodiment design is concerned about the realization of the product concept and the feasibility of its following engineering and manufacturing procedures. It is the process of uniting the imaginary separation between abstract concepts and concrete elements. The embodiment is also used to visually communicate how an intentional function works via the physical structure. In this step, transformation from concepts to elements is accomplished by sketching, 3D modelling, digital mockups as well as 3D-printed prototypes that work for both visual and functional testing.
Results
Intravenous (IV) therapy is used to deliver liquid substances directly into a vein. The intravenous route of administration can be used for injections with a syringe at higher pressures or infusions that are usually driven by gravity. Intravenous infusions(also referred to as drips) are used as a popular mode of infusion by which a peripheral venous catheter is placed into a peripheral vein (the vein in the arms, hands, legs, and feet) for intravenous therapy. This is the most commonly used type of IV therapy due to its low cost. However, since there is no assistance from a device, there are more steps involved with the calculation relating to the delivery of any drugs to be administered in this mode. This section presents a case study to demonstrate the applicability of the proposed approach. The case study focuses on developing an innovative smart drip for hospital patients.
Identification of needs
Although the gravity-driven IV infusion remains the most commonly used IV sets in therapy practice, the present design of gravity IV infusion sets has inherent limitations so that that the use of more flexible IV sets would result in an increased safety with their use and a reduction in labor-intensity related to their use and monitoring. In addition to more comfort with their use, more flexible sets could also result in substantial cost savings by saving space and stocking costs. Accordingly, the case study focuses on developing an innovative smart drip to improve current products' functionality and serviceability.
Problem definition
An intravenous infusion is a thin, plastic tube called a catheter that is put into a vein to give a patient fluid. A standard IV infusion set consists of a pre-filled, sterile container (glass bottle, plastic bottle, or plastic bag) of fluids with an attachment that allows the fluid to flow one drop at a time, making it easy to see the flow rate and also reducing air bubbles; a long sterile tube with a clamp to regulate or stop the flow; a connector to attach to the access device; and Y-sets to allow "piggybacking" of another infusion set onto the same line. There are many disadvantages and risks to IV infusion such as fluid overload, air embolism, septicemia, infection, infiltration, phlebitis, thrombophlebitis, hematoma, clotting, pain and discomfort, hypersensitivity reaction, and anaphylaxis. ICOI-2018 Apart from the pathological problems caused by improper use of IV infusion, the main problems of its functionality and serviceability are defined as follows:
1. The IV infusion set is inconvenient for patients to move due to the use of drip stand.
2. It is inconvenient to hang IV bags on a stand connected to the IV line.
3. The long catheter can often messy and can be dangerous while pulling and dragging accidentally.
4.
It is important to avoid fluid overload and air embolism when using IV infusion to treat patients.
5.
It is inconvenient to regulate or stop the flow by using the clamp.
6. It is difficult for nurses to monitor the patient's condition anytime and anywhere.
7. Are there any functions that can be integrated into the IV infusion set?
Problem classification and tool selection
According to TRIZ contradiction analysis, problems 1 and 2 are classified as physical contradictions and problems 3-6 are considered technical contradictions. Problem 7 involves a functional/serviceable improvement analysis. The two physical contradictions are combined as "An IV infusion set requires a drip stand to generate gravitational potential energy for delivering liquid substances directly into a vein, but the drip stand is inconvenient for users to use (Problem 1-2)". This physical contradiction problem can be resolved using TRIZ separation principles(Separation in system level). The Su-field model is shown in Figure 1 .
The attributes of the four technical contradictions were identified and further interpreted according to TRIZ design parameters. The four technical contradiction problems are interpreted as follows:
Problem 3 focuses on the improvement of the catheter length (Parameter 3)
which can produce harmful side effects (Parameter 31) and relates negatively to the convenience of use (Parameter 33).
Problem 4 attempts to improve energy spent by the IV infusion (Parameter 20)
which can produce harmful side effects (Parameter 31). Problem 7 involves a functional/serviceable improvement analysis. In this problem, the IV infusion set can be regarded as an Iot, which is the internetworking of IV infusion set embedded with electronics, software, sensors, actuators, and network connectivity that enable the IV infusion set to share information across platforms as well as to communicate with nursing stations.
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Idea generation
The physical contradiction problem is concerned with the use of drip stand to generate gravitational potential energy for delivering liquid substances into a vein. According to the Inventive Principles (# 5:Merging) for resolving the physical contradiction using "Separation in System Level" method, the drip stand can be merged with the IV infusion set (i.e., gathering things in order to produce or develop a new method or a new service). However, this generates a sub-problem defined as how to produce energy to deliver liquid substances. As shown in Figure 2 , the IV infusion set can remove the drip stand and use a mechanical field instead of the gravitational field to drive the fluid of the IV bag to deliver liquid substances directly into a vein (Solution 1-2 for ICOI-2018 functionality).In regard to the serviceability aspect, the IV infusion set is capable of adapting service capacities to meet different patients' demands. The four technical contradiction problems involve functionality and serviceability of an IV infusion set design. The inventive principles extracted from the contradiction matrix and their corresponding TRIZ solutions are presented in Table 1 . A total of 6 idea solutions were generated for these contradiction problems as listed below.
Solution 3.1 (Principle 15: Dynamics)
Functionality: Allow (or design) the characteristics of an object, external environment, or process to change to be optimal or to find an optimal operating condition.
Serviceability: Customer demands usually follow certain pattern. Thus service firms can try to adapt service capacities to meet customer demands.
Solution 3.2 (Principle 17: Moving to another dimension)
Functionality: Tilt or re-orient the object or system, lay it on its side 
Solution 4 (Principle 19: Periodic action)
Functionality: Instead of continuous action, use periodic or pulsating actions.
Serviceability: In the operations of back office, inspections of the working conditions of machines should be regular (periodic) to prevent the accidental breakdown.
Solution 5.1 (Principle 23: Feedback)
Functionality: Introduce feedback (referring back, cross-checking) to improve a process or an action.
Serviceability: Improve a service by getting feedback from customers and data analysis.
Solution 5.2 (Principle 35: Parameter changes)
Functionality: Change the physical state of an object or a system. Serviceability: Focus on adding value to the service environment.
Solution 6 (Principle 33: Homogeneity)
Functionality: Make objects or systems interacting with a given object or system of the same material (or material with identical properties).
Serviceability: Make a service work with other similar services.
Generation of concept solution
According to TRIZ Inventive Principles given above, the concept solutions corresponding to the defined problems are derived as follows:
Concept solution 1-2
Functionality: The IV infusion set is designed to be a wearable device that can be worn on the upper arm as an accessory for IV therapy. It uses a mechanical pump to drive the fluid of the IV bag to deliver liquid substances directly into a vein.
ICOI-2018 T 1: Contradiction matrix for the four technical contradiction problems.
Serviceability: The wearable IV infusion set is capable of adapting service capacities to make services work in parallel with other services; for example, a patient can go to the toilet, go shopping, and take a walk within the hospital without limitations.
Concept solution 3
Functionality: The peripheral venous catheter is connected to the wearable IV infusion set and placed into a vein on the hand or arm for intravenous therapy.
Serviceability: The peripheral venous catheter can differentiate patients on the basis of their needs, behaviors, ages, gender, etc.
Concept solution 4
Functionality: The IV infusion set uses a peristaltic pump to pump the fluid for flowing one drop at a time, reducing the risk of fluid overload and air embolism.
Serviceability: Inspections of the working conditions of the peristaltic pump can be regular (periodic) to prevent the accidental breakdown. the initiative of Industry 4.0, product design can no longer be the only source of competitive advantage and differentiation, whereas service growth in product firms has become one of the most active domains. Although product-service systems (PSS) can be regarded as a market proposition that extends the traditional functionality of a product by incorporating additional services, most existing PSS design methods support the conceptual design phase at the higher levels of abstraction and the technical design phase strongly lacks for methodical support.
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TRIZ has been recognized as a powerful method for dealing with contradiction problems with application of innovative solutions. The fundamental principle behind the TRIZ method is to find contradictions in a system and then eliminate them by using TRIZ tools. As TRIZ is capable of providing methodical design supports for the performance of functionality and serviceability of products, it is recommended as a tool for the proposed approach to define and resolve both the functionality-and serviceabilityrelated problems as well as the interdisciplinary problems between the product and service design tasks. To demonstrate the applicability of the proposed approach, a case study concerning the intravenous infusion(smart drip) design was conducted. The results indicate that coupling products and services in design processes is necessary for developing such innovative products. DOI 
